We report on a case of a patient who underwent minimally invasive transforaminal lumbar interbody fusion (mi-TLIF) with objective physical activity measurements performed preoperatively and postoperatively at up to 12-months using wireless accelerometer technology. In the first postoperative month following surgery, the patient had reduced mobility, taking 2,397 steps over a distance of 1.8 km per day. However, the number of steps taken and distance travelled per day had returned to baseline levels by the second postoperative month. At one-year follow-up, the patient averaged 5,095 steps per day in the month over a distance of 3.8 km; this was a 60% improvement in both steps taken and distance travelled compared to the preoperative status. The use of wireless accelerometers is feasible in obtaining objective physical activity measurements before and after lumbar interbody fusion and may be applicable to other related spinal surgeries as well.
Introduction
The costs of delivery of surgical care for spinal pathologies are significant [1, 2] and there is a need to provide objective measurements to monitor mobility and motor recovery and management of symptoms [3] . Optimal monitoring presurgery and postsurgery is important not only from the point-of-view of patients and healthcare professionals, but also from a societal and economic perspective. In addition to monitoring the safety and efficacy of surgical procedures, reports on discharge disposition and functional recovery are significant for optimal health care delivery and resource allocation [4] .
The measurement and comparison of recovery and functional outcomes following spine surgery has traditionally been quantified using subjective rating systems for symptoms and quality of life. These subjective measures include the visual analog scores (VAS) for back and leg pain, Oswestry disability index (ODI) and Short Form Health survey scores for comparing preoperative and postoperative conditions to gauge improvement in a functional outcome. However, the major pitfall with these measures is their subjective nature and the inherent bias with personal evaluation. Indeed, self-rated scores are influenced by the patients' perception of their symptoms and disability [5] .
With the advent of wireless accelerometers, we have the capability to record real-time data regarding movement and function and these include the number of such steps taken and the distance travelled [6] . The potential advantage of these accelerometers in the setting of spine surgery is the ability to provide continuous objective reads of various physical parameters that define ambulatory function, activity levels and extent of recovery. This is in contrast to the traditional subjective scores for pain and function that depend on personal perception.
This case report discusses the use of wireless accelerometer technology in a patient who underwent minimally invasive transforaminal lumbar interbody fusion (mi-TLIF) to objectively measure mobility and function preoperatively and postoperatively up to 12-months follow-up.
Case Report
A 60-year-old male presented with severe discogenic low back pain and bilateral radiculopathy, worsening over a period of 7 years. These symptoms had a significant impact on his daily routine and capacity to work as a vehicle mechanic. His medical history included ischaemic heart disease with a cardiac stent, thus requiring him to maintain regular exercise for his general health.
The patient had experienced only limited pain relief with conservative treatments that included physical therapy, epidural steroid injections, non-steroidal anti-inflammatory medications and opiates. He was then qualified for a 2-level mi-TLIF operation with interbody grafting and ES2 percutaneous pedicle screw fixation (ES2, STRYKER Instruments, Kalamazoo MI, USA). The patient's steps and distance travelled were monitored for 1 month preoperatively and subsequently over a period of 12-months, using a Fitbit accelerometer (Fitbit Inc., San Francisco, CA, USA). Fitbit accelerometer is commonly used for objective measurements of physical activity. It detects and records the number of steps taken, intensity of physical activity, duration, distance travelled and estimated caloric expenditure using accelerometer technology, which can be adjusted according to user's age, sex, height and weight. The Fitbit was worn during all waking hours and not during sleep. For comparison, preoperative and postoperative functional scores were also recorded, including VAS back, VAS leg, ODI and short form (SF)-36 mental composite score (MCS) and physical composite score (PCS) scores. The operation proceeded as planned and there were no perioperative complications noted (Fig. 1) . He was discharged on day 3 postoperation, and returned to light duties after 4 weeks. Fitbit data in the month prior to operation showed that the patient had taken an average of 3,249 steps per day, over an average daily distance of 2.4 km. In A B the first postoperative month following surgery, the patient had reduced mobility, taking 2,397 steps over 1.8 km per day. However, the number of steps taken and distance travelled per day had returned to baseline levels by the second postoperative month and continued to increase thereafter (Fig. 2) . At one-year follow-up, the patient averaged 5,095 steps per day for a distance of 3.8 km; this was a 60% improvement in both steps taken and distance travelled compared to preoperation numbers (Fig. 3 ) and the operation was deemed a success. Overall, there was significant improvement in VAS back and leg pain scores, ODI, and SF-12 ratings for the patient at follow-up compared to baseline. VAS back pain scores reduced from 8.0 to 1.0 over 12-months, while VAS leg pain scores reduced from 4.0 to 1.0 units. Postoperative ODI score was 6.7 compared to preoperative ODI of 53.3. As such, there was significant correlation between changes in ODI score and improvement in physical activity at follow-up as quantified by the accelerometer. PCS-36 scores increased from 32.6 to 53.1, whilst MCS-36 scores changed by a small margin, from 50.0 to 59.9.
Discussion
Functional recovery following spine surgery has traditionally been reported via surrogate parameters such as duration of hospital stay along with quality of life, pain and functional scores such as VAS, SF12/SF36, Roland Morris disability index and ODI. The main disadvantages with these approaches include the inherent bias and individual variation in assessment with self-evaluation as well as a lack of standardization of outcomes across different surgical procedures [7, 8] . Mental state, depression, psychological factors and the role of compensation and litigious action, well outside the scope of a surgical intervention, can result in significant variances of these Quality of Life outcome scores [9] . Advances in wireless technology coupled to accelerometers and global positioning systems have led to the advent of real-time recording and monitoring with the potential of providing objective quantification of activity and function during the postoperative recovery period. Whilst there have been several pilot studies reporting the use of accelerometers for evaluating function and recovery [10] [11] [12] , there have only been few instances where this technology has been applied to spine surgery. In our report we provide one such example with an example of mi-TLIF coupled to a wireless functional reporting technology.
In the present case, postoperative function with oneyear follow-up was monitored using objective accelerometer measurements as well as using subjective self-report scoring systems (VAS, ODI, SF-36). Compared to his physical activity function prior to surgery, the patient had a 60% improvement in the number of steps taken and distance walked per day at the one-year follow-up,. The objective physical activity data from the Fitbit accelerometer was compared to the subjective self-report scores in VAS leg pain, ODI scores and PCS-36 scores and both showed significant improvements.
The accelerometer data showed a reduction in both the steps taken and distance travelled within the first month following surgery. This is not surprising given that the patient is often hospitalized coupled with limited movement and physical activity during the early phase of postoperative recovery. Return to baseline preoperative physical activity occurred within 2 months, and physical activity almost doubled in the 4th month postoperation. This data suggests that if self-reported scores are predictive of recovery and function, any improvements in such scores would only likely to be observed if the patients are surveyed at 4 months and more postoperation. In summary, we present the case of a patient who underwent mi-TLIF with excellent recovery and improvement in physical activity and symptoms demonstrated by both the objective accelerometer data and the selfreported subjective index scores. The use of accelerometers for objective measurements of physical activity after spine surgery is feasible, and their use and benefit should be validated in larger prospective studies.
